Common ragweed (Ambrosia artemisiifolia L.) spread across Europe and other regions is becoming a serious health and economic threat. A pot experiment was conducted in 2011 to determine effect of various nitrogen (N) (10, 100 kg/ha) and water supply regime on resource use efficiency of ragweed. Ragweed plants increased their dry matter production with increased water and N availability. Nitrogen use efficiency (NUE) was decreased with N addition and was not influenced by water availability. Mean nitrogen residence time (MRT) was longer at low N and water levels. In contrast, nitrogen productivity (NP), NUE and water use efficiency (WUE) were all increased with enhanced water supply. A trade-off between parameters of NUE was attributed to differential response of NP and MRT to soil fertility and water supply. Our results confirmed that ragweed displayed high adaptation to unproductive sites. However, ragweed's greater plasticity in response to water availability compared to N availability suggest, that water supply plays important role in its invasion success and in combination with disturbance ragweed might further spread into more productive environments.
INTRODUCTION
The ecology of plant resource use is one of the most important topics as plants differ considerably in their resource use and adaptive strategies to varying growing conditions. Determination of plants resource use efficiency is widely used approach to study significant adaptive traits. Resource use efficiency is defined as the ratio between output parameter (biomass production, seed production, photosynthetic carbon gain) and a resource input parameter (light absorption, nutrient uptake, water uptake). Successful invasive plants tend to have morphological and physiological traits that enable them to acquire resources in the limiting environments (Funk and Vitousek, 2007) or respond plastic with morphological and physiological adjustment to contrasting resource availabilities (Claridge and Franklin, 2002) .
Common ragweed (Ambrosia artemisiifolia L.) (hereafter referred to as ragweed) is an annual monoecious weed (Asteraceae), introduced to Europe in the eighteenth century (Bonnot, 1967) . Since then, it has spread over many European countries (Chauvel et al., 2006; Vogl et al., 2008) . In Europe, as in North America, ragweed is considered a troublesome weed and a pioneer plant of abandoned and degraded areas, such as roadsides, fallow fields and other disturbed habitats, where the species takes advantage of the reduced competitiveness from native species or tolerates severe growing conditions (DiTommaso, 2004; Fumanal et al., 2008a) . Lastly, ragweed represents a major human health problem because its pollen is a strong allergen that causes ocular and respiratory allergies that often develop into asthma (Dahl et al., 1999; Ziska, 2001) . In North America, ragweed pollen is known as one of the main causes of hay fever (allergic rhinitis) (Mitich, 1996) or a form of dermatitis in some people.
Although alien plant invasion, as experienced in the case of ragweed, have become increasingly frequent, plant resource use efficiency and ecological traits underlying the invasion are still poorly understood. High resource use efficiency as well as enhanced phenotypic plasticity have been hypothesized as decisive plant traits allowing the species to become invasive in newly colonized habitats (Dukes and Mooney, 1999) , comparing also ecophysiological traits of species growing in invaded and native stands (Durand and Goldstein, 2001) . It has been documented that some invasive species posses significantly higher photosynthetic nitrogen use efficiency (PNUE), water use efficiency (WUE), and higher specific leaf area (SLA) than native species (Durand and Goldstein 2001; Niinemets et al. 2003; Feng et al., 2007) . Performance of plant species in terms of dry matter production is limited by the availability of nutrients in many seminatural communities (Vitousek and Howarth, 1991) . As nitrogen is one of the main limiting growth resources, the nitrogen use efficiency (NUE) of plant species has been widely subjected to studies. NUE is generally determined as productivity per unit N uptake or loss (Vitousek, 1982) . NUE is a measure of how plant responds to soil nitrogen, defined as the amount of organic matter lost or produced in a plant per amount of nitrogen used. Berendse and Aerts (1987) further divided NUE to two components: nitrogen productivity (NP) and the mean residence time of nitrogen in the plant (MRT). NP is the rate of dry matter production per unit of N content in the plant and MRT is the period during which the absorbed nitrogen can be used for carbon fixation. Most studies on NUE have tried to discover patterns in the NUE of species in relation to nitrogen availability in their natural habitat. Soil water supply also affects nutrient transport, uptake, and transformation. Furthermore, it may be the underlying cause of variation in habitat fertility. Plants developing in environments with different soil water supply regimes can exhibit differences in traits such as photosynthetic capacity, growth rate, leaf N content (Lambers et al., 1998) which are correlated with NUE and could thus potentially affect N use strategy. Identifying plant traits associated with invasiveness is necessary for possible control of existing invasive species or potentially to predict new invasive species, their traits and target habitats before introduction. Most of the invasive species occur in highly disturbed resource rich environments (Daehler, 2003; Gross et al., 2005; Huenneke et al., 1990) , but increasing evidence indicates that invasion is also a danger in resource-poor communities, though the mechanisms of low-resource invasion are less well understood (Mack et al., 2000; Funk and Vitousek, 2007 ) . Altough ragweed is adapted to low nutrient environments, it is likely that in combination of better nutrient supply and disturbance, it can spreads into more productive habitats and it can be found on variety of plant communities, soil types and site productivities (Fumanal, 2008b) . Despite increased research efforts in past decade have been undertaken, still little information is available on ragweed resource use efficiency.
Our study was therefore oriented on determing ragweed's resource use efficiency under different nitrogen and water levels. We hypothesized that ragweed plants would increase its dry mater production with addition of nitrogen and water. Conversely, with increased N and water supply its NUE and WUE will decrease. We were also interested in variations and plasticity of the species underlying NUE components of nitrogen economy (NP and MRT) in the response to resource supply. Finally, we studied the existence of the hypothesized trade-off between NP and MRT, components of NUE.
MATERIAL AND METHODS
A pot experiment was conducted in the experimental field of Biotechnical Faculty, University of Ljubljana, over three months from July to September 2011. The experiment consisted of a randomised factorial design with four replications. The experimental units (pots) were randomly assigned to each combination of N availability (two levels), water availability (two levels) and sampling time (growth stage; three levels) with four replicates per combination. In total, 96 pots were used in the experiment. The total N addition levels were 0.08 g/pot (10 kg/ha) and 0.8 g/pot (100 kg/ha) over the growing season. Seeds of ragweed were sown on July 8 th 2011 at a depth of 2 cm in each pot; the pots without the drainage holes were 15 cm tall and 19 cm wide. To ensure homogeneity of growing conditions, pots contained a mixture of peat (70%), perlite (10%), vermiculite (10%) and sand (10%). Pots were watered to field capacity once after sowing to stimulate germination, later on 100 mL and 200 mL of water were applied every 3-5 days for low and high water level, respectively. After sowing, 30 % of the total N treatment was uniformly applied as aqueous NH 4 NO 3 , after which the remaining N was divided and applied in three equal rates before ragweed reached V4 stage (4-leaves; BBCH 12) (Hess et al. 1997) . At this growth stage ragweed was thinned to achieve the desired density three plants per pot and the pot surface was covered with aluminium membrane and attached with the rubber band to prevent soil evaporation (CliftonBrown and Lewandowski, 2000) .
To ensure that plant growth was not limited by elements other than N, other macro-and micronutrients were added separately on a schedule similar to that of N application. At each application single pot received 100 mL of modified nitrogen-free Hoagland solution containing 0. Half of the pots were used to determine the leaf relative water content (LRWC) of ragweed at each sampling according to Turner (1981) . Between 10 and 14 h, the youngest fully expanded leaves were selected and leaf tissue without major veins was excised, placed in pre-weighed vials and stored in a cooler. The vial weight with fresh ragweed leaves was recorded before hydration for 6 h at 10 °C in distilled water to ensure full turgidity. Fully turgid leaves were placed on filter paper to remove excess water and weighed. The samples were then oven-dried at 80 °C to constant mass and the weighed to determine the dry weight. The LRWC of the fresh leaves was calculated using the following equations (Kirkham, 2005) :
where FW is the leaf fresh weight, TW is the leaf turgid weight and DW is the leaf dry weight (data not presented).
The plants in remaining pots were clipped at ground level, dry weights were determined after drying at 45 °C until a constant mass was achieved. Plant aboveground N content of each harvest was determined using modified Kjeldahl procedure.
Nitrogen use efficiency (NUE) was determined according to Berendse and Aerts (1987) using following equations:
where DW 2 and DW 1 are dry weights at the time t 2 (final sampling) and t 1 (first sampling) and N A is the mean plant total nitrogen content averaged over three sampling intervals. MRT was determined as:
where N T is the total N uptake in the period ∆T. Calculation of mean residence time (MRT) was based on the redefined concept from Hirose (2011), where MRT with respect to their N uptake and N losses can equally be applied to steady and non-steady state systems, therefore N losses were not estimated. NUE, NP and MRT represent mean values over the vegetative growth period.
Water-use efficiency (WUE) determination was based on the transpiration method (Clifton-Brown and Lewandowski, 2000) , where the amount of dry matter produced, relative to the amount of water used during a growing period was determined using the following equation:
where DW R is the total dry weight of the ragweed plants and the DW W is the amount of water applied in the growing period. The total water was expressed as the sum of the applied water and the difference betweeen the initial and the final pot weight.
Statistical analysis
Statistical analysis was performed using the STATGRAPHICS Centurion XVI (2011, Statpoint Technologies, Warrenton, VA).
To test assumptions of ANOVA data were tested for homogeneity and normality of variances with Levene's test and with ShapiroWilk's test. Two-way ANOVA was performed to test the significance of the main treatment effects, their replications and interactions. No interactions between nitrogen and water was observed for tested variables, thus the data were presented for each nitrogen and water levels. Means were compared with posthoc Tukey's HSD test at P<0.001.
RESULTS
As expected, ragweed final dry matter production was significantly influenced by nitrogen and water level (P<0.001) (Table1). Table 1 . Significance levels in two-way ANOVA of the effects of nitrogen level (0 and 100 kg/ha) and water levels (low and high) on dry matter production, MRT (mean residence time, day), NP (nitrogen productivity, g DM g -1 day -1
), NUE (nitrogen use efficiency, g DM g -1 N), WUE (water use efficiency, g DM g -1 water) of Ambrosia artemisiifolia L. ***P<0.001; **P<0.01; *P<0.05; ns = not significant.
Higher N level significantly increased ragweed dry matter production from 1.18 g to 1.86 g compared to low nitrogen treatment. Similarly higher water level increased ragweed dry matter production from 1.26 g to 1.87 g compared to low water level (Table 2, Fig 1a) .
Mean residence time (MRT) was affected only by water level (P<0.001) and significantly different values of 5.75 to 9.24 day were observed for low and high water level, respectively (Table 2) . Table 2 . Dry matter production, MRT (mean residence time, day), NP (nitrogen productivity, g DM g -1 day -1 ), NUE (nitrogen use efficiency, g DM g -1 N), WUE (water use efficiency, g DM g -1 water) at two levels of nitrogen-N (10 kg/ha-low and 100 kg/ha-high), and two water levels (low and high water level) of Ambrosia artemisiifolia L. Data presented are means with SE.
Parameter
Nitrogen Nitrogen productivity (NP) was influenced only by water (P<0.001), it significantly increased from 3.58 to 5.95 g DM g -1 N with higher water availability (Table 1- 2, Fig 1b) . Nitrogen use efficiency (NUE) was affected only by nitrogen level (P<0.001); it significantly decreased with nitrogen addition (Table 1-2, Fig 1c) . Conversely, water use efficiency (WUE) significantly increased from 0.41 g DM g -1 to 0.57 g DM g -1 with higher water availability, compared to low water level (Table 1- 2, Fig 1d) . 
DISCUSSION
Results of our study confirmed report of ragweed's increased dry matter production with nitrogen addition (Lehoczky, 2008) . Additionally, ragweed's dry matter production increase at higher water supply was rather expected. Beside dry matter production MRT, NP and NUE were also strongly affected by water availability. Our findings partially counter Yuan and Li (2007) ; they found that the species at higher water availability had higher MRT, whereas our results are displaying opposite pattern. At the same time, in both studies, similar NUE at various water supplies were observed. Moreover, in their study plants at low N supply had lower NP values than plants with high nitrogen supply , which is consistent with our results. MRT as a component of NUE was similar at both nitrogen levels, consistent with Aerts and De Caluwe (1989) report; they also found no differences in MRT at different N supplies. Higher MRT means also longer time of nitrogen presence in the plant and thus better use efficiency of the nitrogen absorbed by the plant.
The NUE of ragweed in our study was relatively high compared to results determined in previous reports, as NUE is both habitat and species dependent (Vázquez de Aldana and Berendse 1997; Nakamura et al., 2002) . Our data are more similar to those obtained by Pajević et al. (2010) who report for NUE 224 g DM g -1 N, when averaged across ragweed vegetative growth period.
Increased NUE in our study was not achieved through higher NP, but higher MRT was observed, due to higher N content in the plants (data not shown). A higher NP is associated with rapid growth, a relatively large investment of N in photosynthetic tissue, an efficient photosynthetic N use in leaves and relatively small proportion of carbon used for respiration (Garnier and Aronson, 1998; Lambers et al., 1998) . Results of increased WUE at higher water supply was surprising, most authors have reported opposite pattern with reports of high WUE as a potential mechanism by which this invasive plant may increase the efficiency of resource capture (Pajević et al, 2010) . We assume that our low water level was set to high, although our results of the ragweed leaf relative water content (LRWC) displayed substantial difference with values of 49.7% and 62.6% for low and high water level, respectively. Better explanation of these data would be possible if measurements of transpiration and photosynthesis would be done, and WUE could be determined from ratio photosynthesis/transpiration. Our results are in line with several authors reporting, that there is a trade-off between NUE and NP (Yuan and Li, 2007; Yuan et al, 2008) . Similar NUE values were observed, with low NP and high MRT values or conversely with high NP and low MRT values. A high NUE is generally considered to be an adaption to a habitat with low soil nitrogen availability (Chapin, 1980 ).
In conclusion, our results showed that ragweed exhibit different N use strategies at various N and water levels. High NUE, which was not contributed to high NP but rather by low nutrient loss rate with high MTR values, confirmed that ragweed displayed high adaptation to less fertile environments consistently with previous reports (Yuan et al., 2005) . However, with increasing water supply ragweed altered its conservative strategy for low resource systems and increased NP and decreased MRT, although NUE remain similar. We observed fare more plastic response of the NUE underlying components in the response to water supply compared to nitrogen supply. The obtained data also supports hypothesis, that there is a trade-off between the NP and MRT. Our results suggest that water availability may play important role in the ragweed invasion success, as ragweed displayed high plasticity to water supply. Based on our observations, it can be presumed that ragweed will further spread into more productive habitats in combination with disturbance and other environmental stressors which decrease the competition intensity, but further focused studies on ragweed resource and adaptive traits are needed to explain its invasion und underlying plant traits.
